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LASER-EXCITED PLASMA LIGHT SOURCE, EXPOSURE APPARATUS AND ITS MANUFACTURING 
METHOD, AND DEVICE MANUFACTURING METHOD 



(57) Abstract 

The end of a nozzle (23) of a laser-excited plasma light source is 
made of a specific material, such as silicon Si, the transmittance of which to 
BUY light is higher than those of heavy metals. Therefore, even if the 
temperature of the end of the nozzle (23) is higher man the melting point of 
the specific material because of the high temperature of the plasma produced 
around the focal point (24), the end of the nozzle is therefore eroded, and 
sputtered particles of the material adhere to a light-collecting mirror 
provided near the nozzle, the degradation of the reflectance of the light- 
collecting mirror (PRM) is mitigated compared to the case where a 
conventional heavy metal nozzle is used because the transmittance of the 
sputtered particles (specific material) to EUV light is higher than those of 
heavy metals. 
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BflfeOXA^-^WSTtt, XY^ICT&^TBEBJSftfc^XAXx-V 
^<-X6 0±|CEK<*ft, ^«lJ?±S2;*7C'J-77^5 L iX-^ 6 2lC«fco 
Tt^xA^x- 6 0±lC#±£t$<*ftTU*o CO^I/Uf-^ 
WSTIt ifflffiffia#±£!2ifc7cU-77*3 1 :iX--*6 2 IC^TX*!^ 
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Tit. mHL&±M2fc7tiJ-774H i *X-fi6 2 {C«fcoTZ#|Ri;&tf X Yffi 

£x/\;V7— *7W S TO±SlCli, HMt^* y *^e<0*0*<0£XA*;U 
9XA*x-S>WST<&XY®rt<0(&B&tflH]«« (3-'f>^«, 
ftSiSCfcoW*. «©P P *XAW0Ztf|6)ttii;& 

XI 4 b<t:# Z<D7*-fiXH>y-tl,T&s M.tfttM¥6 
-2 8 3 4 0 3^a&^^*XlC*tf6-rS*S^^5, 4 4 8, 3 3 2#tS 

al-^ 6 2 j0ffH*l3ft t SlAXf-^W S TO 6 ft<Ptttfi;Rtfi8& 
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3 Sic* *&ffiJ&Jffi-m. S«tt3&«P orotic, 01 [c^StiSJ:5lc, 
/ > hft¥&A L GtfHJEStlW*. C075>f > > r»ft¥*A L G 

<&ttraiCg^OTte^-*CDttffi£&tt?-<5L I A (Laser Interferometric 
Alignment ) U^OT?* *> r-te>i*-*A F M (H^fHrtfiliSlgi) <0<fc?fc 

gaiety* ■ji/\7f-ywsTMi/ff;^7-yR sT<zx&g#««j8p 
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a^*'*-*^ >ttMtfit&7t ±mm!&m\z&v. eg a (x>a 

>*h • 774 *>h) SI<0$XA77'f>>h#fr*>ft» £x 

AW±©±T<*>->3 y hfti«<&tofi##iC> 6*1*0 EGA(COl\TI4. 
fll*.tfttH8 6 1 -444 2 9^«a^ctl(C^f **H1#S*S&4. 7 8 

* wtaiRB©Brt»****miu ceht. ±sea«atf#B##ica3i:r* 

u^o, 9iA7f-^WST€» 1 «>ay hflittOjESBttttBlctt 

Sj*#-t5 1 1 *> ic, u*-* s> r s t £ «inte<&B rjs»» lt. 

I* Uf-* S> R S T <k £ XA*x- ^ W S T £ **SZ(C)ilRl£ IC w»f 

* i i % \z.mmo&&tt&&&x¥% p oota»«*ic«tf-»r *«*: ^ eh 

(U^Jl/A*- >£>«£¥) £fr5. $XAWfl!>Mft*ftlcBT*. 91 
lfrjS££S!SI UT, ;U R £ 0 XAW £<D3Sfilt£»l2ft¥& P O 0SW 

B3 5/gyhBttJa**H»©»f**?7 5. 
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rci&^fcnfc? (ua, i 4b) ick^T^xAwgst 

aifctSajRPO (fQll) £<DiaWL XYfS (M) K:*t-r*fli9WSIHi 
^lc-Slc«:^J:^lcC?x/\^7 i -> > WST^{ejffll$tl$. 

<D&&it¥& pot )\sR<DA*->mtomm#mz-m 

- I M^SBlCttgjgS i OlS««StlTU5fc«>, -t©/X*2 3<0m 
toft* lcJ:-pT-t*l&»M«PRM» I M*CDJE»* 
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®4lzm$t\&£?lZs JX)V2Z' <0%W\ts MtfttFe, f^>TI, 
J XJWftW&®%-CSt>Z>t^0W&'bi>Z o Z\(D®£. 

s«2 5ii, *>#XT>w&<omm&&m**3-tf>-zs>zz\ttfi* mm® 

mmBft£Bm*ztt%®n&mxvs!>ziaGizoi\TWiwisfi:#> z\tnt, 
gsii#E u v%<Dmm&Mtmzm^®nv*> y , s ^-sstatflmiiicffl^ 

PKji:;*ft3*>tf>T(ifclV, UT, ^'J 'J 9A£/BUTt> 

3 nm0EUV3t<7>ft*>yiC SlllnmO 

XI* 5 0 nmBH5l/t^~>^e^t- SfcfclCl*. im§13nm (ftS 
WlCli»R1 3. 4nm) © E U VftTISg§P»# 0 . 1-0. 1 2gffi<BiS 
&%¥XtfmiSfi>fa 1 nm (ttSMUifcHI 1. 5nm) OEUV 

KTimo&tfiO. 0 8-0. 1 gg<0#g2tt¥&#ffl^e>n£o fcfc* JUT 
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13. 4 nm<0EU V#flH^tt&. 

prm, saws^- 1 Mm<D&M<D&ttim*mmtzttno-m-e&&mms 
i &m\,\T;X)\,2 3&BtfUs. *<r>jX)\,2 samim* tfium 
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iaj(trm»tsti*^— »fitL<D3t»±icsia$n^3tu>xi 02, mans 

&T-5fc:-iJM 0 8, 0 0O»f^tt«lcHS*ti/tSl^fil7>^M 

111, assets 1 0 oicE*$^UT*n-enjgJsi$n>tK^^fli$&ffl© 

A;U7l 1 6, 2 0&tf*«/W7*i 2 0^K(te>tX^E«lCg 

L/— tf JtSAS 1 0 3 a#Kf*e>ft, $7tlx>Xl 0 2flDm^lCRIL 

T U— tFtt L lc, * <fc ? IC LTI8£ Lfcx* 

rxisj i'btNp) e Lotb&ngi o 3 b#»tt£tu CCOffifcNSl 0 3 b© 
rtffiiJicxtssiSar^*^ h7^;^ (jut, rx®7-f;u*j <ti*?) i 09 

#gE»<*nTlN£, C©X«i7^^1 0 9iLTtt, JSSO. i 
CKDffe, XS8H1 OOrtlCtt, H5 4>|Z&ffi»1 1 OaStfl 1 ObT* 

sns «t ^ izmmn&ifi^v, *m*<omw>&izj: u e u v# e l ©7ti&± 
icttjuAn$n^7;P5 (a i ) s^-i 1 ohmtEtix^. 

<tlili-»UTfcy, $IR«^i^7-1 0 7<&*f*lS57*£*ilUT/X* 

1 0 4#ttytt(*t>ftTi^o 0 7 o^jiffltia, watu 

&ttttlB8PRM<!:miC. ; E'J7t ; > (Mo) tm% (Si) #3fc5lC»« 
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2ftTmi£$tl, K8*£ft£EU V3fcO«f'C>a&3#1 3 r\mtfc*£5lZ, £ 

r^u^h>^ (Kr^) **ajr*/w*s>xv h/x^T»y» yx 

^■l>mi*IIB»5 0 0M«ecTf**. 

f**#0*Bli^*t>KKJ:y=i-hStiW*. *Jt« HEU— If AO 

4fiSi/X;H 0 4fctt£OE«l41 mm£fc?Tl>*. 

»E*fl#7>7Bl 1 IrtlCtt, X*->T5>X1 1 2<tCOI*->-77 
>71 1 2T*^L/t*n«MWIrt»«tCrtUtTJEWr«S7-1 1 3 
<t#ffiiE<*tU CO*tta9>7*1 1 1C57-1 1 3£5tt«lfCl*, 
81 1 4a«Rl*&tiWS. C081 1 40*MM, ttat>?>n&®ni 
0 0Ort»«Ctt. JMm?#8l 1 4±c**«o*l»±«fc*o->v 

1 5#sa(*e>*iTi\5. si 1 4i**>*y*i 1 sctyBfcn 
Tfey, i+v77>^i 1 2fl5Bamo**>i-y^ i 1 5^ia^n5o 

CO<t7lcUT«fi£$tlfc3t3i7 0O»l^*ffiiWt-«. 
St*. X*Jl>*-»»£*8* K> -e*5^'J^h> (Kr) #7. 

0 4j:yKffi^«iasn*oT, RMftracjcy* ft»ic*oM#« 
tu 77> ■■7 i ;u • 9-^x*(c*y«™±«JsiMc<^o*»5T» m 
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*>m)t\s>X \ 0 2&tfSg1 0 3 a*7>LTU— IfttL #SlttJIB*f StU Ctl 

C0X*;U*»0rtaMH 3 niTi<!)EUV^l««!»I57- 
1 0 l[Z&z>X&mZtimZW-'fi1t%£1SoTxm74 )V9 1 0 9£2i8U 
BiliELfcm^S^- I MlcAahTS. C<D<!:£> AIS7-110I1, 
^«M«[^IB 57-107 |C <fc o TJS*t SftjfcEUVttEL <Dft®±fr £ il £ 

(omtftmm^Lm. t tet>%7? xnk£.Mt\ts x;n 0 4icis 

yxwaiawwcwsu cn&*»jy*y. my a en*:** (cm 

RlC)IMBl:jl«kUMiS5-1 0 7^X87-fM1 0 9±l=f*» • 

iifltt*, cne.<D7t^*^±fcittS!L^c;n60ti«liEUV7t*'»iR-r* 

cfcofc<»:*ic. -a, %m<di onmizz+mtz. /t**i i 6 

£MltT&i!i£K£83Si 0 0rtlcjftA;*t!-5. /t*7l i 6&»M4>/W 
X1 2O&1U0U OOrt©a73^Bf5£©tt71<!:«:*«fc5-5 u «. C 

ZT, BrJ£<&E7J<£:tt, i*i'?7>7'1 1 2#e»<D£tt&©8SS#i-#'J^ 
<T+^7t«OSI^^«K«[%iS57-i 0 7. *fclix»:7-f^i 
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0 9lCliJgU fr-Ds Ctl£lCtf»Ufc?RJiM&«* <Ofc%t&.fo£&Z\t(DlZ 

±tttzm<Dmm (£fi:ttmn&<»mmzj:z?it<t¥&fciz&?xmmfre>±c 
it*v» #*tfiztiz><Dmm&mz&&t £«fc?fcErtTfc*o cm*, x 

5#<0»To r r-U+To r rMTfc*. CCT, ±E©A^^1 1 6, 

friz, *E*<&seft*ic<fcy, ai 57-1 i 05*£<s«an 1 o 

1 1 stfHitetu sst*M87>:7Si 1 1 rt<ox+v/-7^>^i i 2 #£02 
ft*, cniCcfcOv x**>t^>^i 1 2j&>63S-e&tifc$mitt&i 1 4£ 

2iffl&, AIS7-I 1 OlC«fcy£W£ttv $1157-1 0 7*MW1"S o 
CW<h$» £JI§U7-1 0 7^fflliKJg?riBSllC/<i:oTlN*©T. SUM 
<D*P<» ^JIBU^-I 0 7<D3*Elzttawtffttt«5« SSfiichE 
J£U -KfcKiS (CO) *»&18#3. (C0 2 ) tUV, #1857-1 0 7# 

e>^*$n. #iR57-i 0 7©s«*i*«»Bo«R:agf<B. *g 
as^fliTii, miu^-i 07^ *©Rffiics*ytttte>nw*fc:-*- 

ti^ttJUlc-rs cilery. ±E«km#ic > x$7^u*i 0 9ictt*-i§« 

Lfce?S!ifcl$*r*C X»7^^ 1 0 9<0»iS$t«!l»i«Jilw5l 

tut* is-vitmttei oz*<o%m\\z%mmz$i?kwwxt%tfi. zo 

Ji^icii, S5ic^$ti««fe^ic, i*->?7^1 1 8<hS7-l 1 9<h£ 
■Jit, MlC05 4>IC(SJ®«n 1 7T*<£tt£ftg|C»J<&A I 5 5-£*fAU 
I*y77>7l 1 8£,5*T<*ti:TSl 0 3 a£J!SW-tnf;flll\, fcfc* CO 
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Ms 3ta7 0*»3t*Sitr«Jl3iflMI*MTtt» X»7*f^*1 0 9 
«£3<0$flB7ftB» 

ifclC* *»WO^3OS«S^fll*0 6fCS^t>TSiB < B1"*o uCT, SffML/ 
El 6 iCtt, $ 3 (Dll«Sf&JlI!C&* I/— IfafiT^ X7#2B 8 0 0>fttt*|«|jft 
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3tag8 07?li, MMUfcyX^I 0 4rcft/LTyX;H 0 4' & 

0 7* jwhu 6 tu 1 1 <dhs!§s 1 o o ic>*-r*«i#fttt 

yx;n 0 4' 14, /x;u 0 4tp«iic, *E5 oaE-cx*^*-!^ 
i^h/xmu, /xju#PBOTi\5fSfai4i«)5 o ou s e c-c&y, 7 
yx;n 0 4* fi, yxjH 0 4<tgfcy> ^ofc^aw&tf-tojgaaw* 

£«E8MftiE57-1 0 7' B, RWii©J5«^ifiLfc^Jillttt«1S57 

-1 0 7<hgfcy, c©s*t®^«cj«ji;fcffiiiicyx;n 04' <ttt»jizBE 
8S*i*u^, co£«BiiM&ii5 5- 1 0 7' ©s^iiici^ ty? 

f>(Mo)i^bSS (S i C) *&jft*MHW£&£tU EtfSttSEUV 
US, fllKEL£Mo/S I ©£118 «fc y <*k Mo/S i C<7>£fflM<&;*#W» 

3tM»7>7£i 1 1 14, H6U:*3n*J:3lc. l/— tfftL&tfEUVft 
E LOJtlE&^ig&^tNttST^OS^JilS^iia^- 10 7' icftrtr* 

*»«iH»raiEfc*fiii;:iRii*T, ooic»yttw6tir^*. 
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friz. ztoftMS 0<DW)ft&1Bimz&Mt%. 

0 6££j*f5 e ^7X7 1 0 6#e>IB*f$ftfcEUVttEU*£ 
1 0 7' lc«fcUKItsn* £«K0ifttt»£0EUV7fc<0» 

c(d^5j9: e u e L<D%*kwift<Dmtmmmz> ^m^<oummz 

1 1 4£fflUT£«K]»!|fc®S7-l 0 7* ±(Cia*fS*l5. C<D<h£, 
fcJSP^TI*. 1 1 6£BBttTit2§»1 0 OrtlcBSt* UKifctf 

^*01tA$#SiP18#lcA;u7l 2 OfcSJttTKStfmgill 2 1 iCfcUrtW 
0^*»ft«-tt, $&(C/t;U^1 1 6&^l 2 0$»SiiUTJlSS«1 0 0 

"71 0 6*>&lH*^Stl/^:x^^4 ^ -«^a)^>^^^^S<i:L/Tt^^x^^4 ^ -» (C 
©ig^lztt&gl 3nm<&EUVft) 0&Sl#+7*/M* < v X*v^5 

^157-20 7' ±lCllJigU ^»Bll»«5lB57-2 0 7' ±<&£«Mfc£5 

j££££-r<Dlc-|-#fcS<&»3!i (*/tiiSl8^ll©l8*flCck57t<b^S^lcd;-3 

5 cm*, Euv7t^>jsi^»^7t»s, «tw 

r rgj£T&&o 

tmm<D%imz®e>nzm. e u v%>bis-ifx*&t>t\z%Hm*:mmbm 
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s£i/Tffli**MM3tffliTtt. &mmmm<D*v-m<Dft±s writ 

0 9* I/— * tt»AJ8 10 3a iCtt* *j£fcm«»«O<0Rfc*£fr3 C <h#T£ 

fc^2. ^3©ll^liJB^!g < ^:|B)~su<tt^Bl^o*fiJ^ep^lcot^Ttt, pi-©?? 
muzte. m3<o&teBm\z®zis-*fm&77Xvi>tm9 oomtommjs. 

tfi7fi$ftT^&o C(0ft2§i9Oli, S*WlCtt» ffI«liUfc^2, 1g30&«i7l5 
flg<D3tilS7 0, 8 0 tm&m\zmtfLZtlT<.\Ztf* lUT0/5lCfcl\T&fc-5 o 
-ffcfcfc* 3tjS9 0T«, fHUBLfcyXJU 0 4, 1 0 4' iZftlT/Xfr 
2 04#/flO&*U SliiUfe^«K«[«!liiS5-1 0 7, 107' IZttXTZ 

»isiSt%®s5-2 0 7^ffliNe>tiTu^ stmsssi 1 oto<o$mm 

S(tli$7-2 0 7|C»J8fcaSlC^LT-t<DrtaJ^ffiWr-5*A-1 2 5, 

£©*/x-i 2 srtfflJiciljif SBE^±lci8:^^nte^A;uyi 22, co 
»fit/^^CEff*^UT*«*tlfcJlffl»ft«111 2 3OTEICfttt&*rCO 

So 

Biiisyx;u2 0 4«, yx;n o 4ti<fci§n$[c> ites ossti^^- 

8*fS£«J« iL/Tfjyh>^X (Kr^) £«Wr*/t;U 
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y7X7Mli;X^2 0 4$fcJ8<!:<&iEli(;M mmtts-oXl^o teU 
yX;U2 04li, yXM0 4SfiSfty, /XA>2 0 4<D$fcS»&tf-?-COjg22 

1 o 79f<kR^y, c©s*t®^icj^G>tffillicyx;i/2 o 4<tii»j(cEiH 
assss loo© i/-if jt L&acEuvyeEL e>& im&b iz^mm 

&®W$ : 7-2 0 7lC|S]{tT^i||*!!a*fpI«I^IfiUC|p)!tT9iyM(t€>tlT 

1KMB = 7- 2 0 7 (c*tUTS» • MlfcStl*«fc3 tcfc? W*. CCD* 
A-1 2 5*<^S8itt«!liB57-2 0 7lCg*<*n*l&(C(4. 0 7C^$tl* 

«k5ic. 2 5ic»«$tifcl&ftffllOE*<o«»W^ i 6ic« 

lfc2tlJtiES<DJIS!§tt1 0 0ffl9©BBP««^Sn*J:5(C«:oTlx-5. C 
CO*A-1 2 5cOl*9^iSlCli, £SB»«3iB57-2 0 7 t&JBSnfcWK:, 
*^-rtBfl£ffiB]*aifc«>CDOU>^ (Xtt^^^ry h) 1 2 6 tfifctf &ttT 
^5. 2 5(4. il*f (EUV#CO§g£l$) (4Mtt$tlTtN*o 

2 5ICI4, SI 2 7#g*CJ'&nTl^, 
C©<£ 5 (C UT«^^nfc*m 4 ©*«§EJHlC&£#35i 9 0 Ttiu J X)l> 2 
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EU VftE LjWKWS^- I M|CS*#>ftS, C0«fc5fcEUV#EL<0f6£itl 

ftz&miamnisTfi? jx>vi o 4&tte<ojsa«w#75XTic<fcy 

-1 2 5*S*U ^rt8P$ffiEH««l<fr5«!:^^(C, 1 2 5 IciSSS 

*tlfc»«ffllOE«0«9^ 1 6lC&«S<**lJtffigC!>JS£$8l 0 

MftftTfit. 1 6*6B<*TK£;tf***A-1 2 5rtlC3ftA 

stts 2 2€S8(t, JtssmsKi 2 3ic«ky*A-i 2 

*0)'&s mmXTlt* > s*v*\ 1 5*111*. 1 1rt©x 

+->?5^i 1 2*jjMrr*. cnic<ky, i*«>77>^i 1 2*60* 
1 4. 1 2 7*auau/t!fe, ^«mm®5^-2 0 7icsp*f$n 

3. M«tt1M59-2 0 7©®HllIlcMU *)R (C) oft* 3£ 

jg (S i) jMt*1/TH*J&»» 3Jg[*fc{* 1 3nm0EUVft (ttXtMUfift 
3t) lC»l/TI*ailW*^ (S iOftHMHil 2. 4nmW) fc«>* £ 

-tf » ^JlKtt&iiS 7-2 0 7 left* L • MMMIi. 
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»*tf*jG*»fttti«c: 2 5nWCDKS§»1 OOrtT 

|*X*->T7>:/1 1 2^60!)SI^*<K^lC«koTi»JR$na:O©T, J;U 
lfirtfc«tttt#£llKMiB57--2 0 7lCiJ8T£. %1ts 2 5rt 

<D&*zm2fy&xtm3onmmmzit'<T:m<tZ£t&T$. &mim® 
as 7-2 o 7 cttau^**©*** • mMMZs &immfgrtft*tz 

1 2 5 t&mmi&®m=i7-2 o 7 oHicai^i^iH^o^i uxt>, 
o Pi ommKEEttm < &*\ «fc * < u » 

©stE^y uxt>ao. zo&siztzts mtm+os i aunts 
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J&#*<*ttTl\<5. 0 011 Uitm 2 O^ifiJK^O^fci^ 7 0(D 

«/«£1BB8fc-r<5<!:i:fclc. /XJH 0 4 lcft;tTyX;U2 0 4 ' #&l*£ft 

7SS0fc-*fc«BS<*ttW*, 

ffiFl£yX^2 0 4' (i. JX)\, \ 0 4«!:|5l«lC, »ff5 0»ETl**¥- 
MlSB^ttK (*-*yh> iUT^y 7h>#x (Kr#*) £*tti-fa/<UU 
7yiyh/ XJUT& U » 7 X^tfBaim^fSiaiitfj 500iisect»U. 

yx;P2 04' yxju 0 4t»tty\ ^oftaw^^o^iaefi^s 
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£ (s i o 2 ) Tf^e>nro«. 

xvi o 6^&sas**n^Euv*i4^iiKtt4»®5 7-i 0 7icj:Ufi*r$ 

£JIIi8t4fcE57-1 0 7®tMHfcS0E U Vft<D&tfiXm7 4)[,* 1 0 

**<Dmmmttfr$i&toznzmto& : f-<D&tA,£it&% (s i ) t&m (o) 
mux) ttevn&totmmi 2 1 ic^ynffiM^tsmsn*. 

(s i ) (i$fe¥SHT±lc#*-ii«t-'5^, S I li^JiBU&lfc® 
55-1 0 7^X87^f^ 1 0 9QMIMTftU, LHSgl 2. 4n 
mC*««l*»-3fc», IHfiMiS$7-l 0 7©JK»aST&««Rl 3 
nm©EUV3t©»i*«J«t\. &oT> S I 0JMMft*#)fc¥l**±IC** 
ttfcLfciLTfc* (SfcteSifl*) tt**U*TUfcH. lot, * 

Si oo«fiMoa«jHgWtfe<!:a:*. 
iU±ftWl,fcJ:3lc. *S5©S«SJB«UC«*3tiBl 0 0&tfCti£l&ftfl; 

as <h t * jts 9B%sic cfc * t % a* & l tt m 2 ©nffiBfti t mmoto&&& 

£<tl^#lj£#&*. 531 (S i 0 2 ) tt*flIiajl5l/*"f^0-C\ S lid 

#«fflt>TyX^ratt^iaSW**^*«ky'bS«lcaSf^«c<!:*<T# 
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tf&<$£tiTm)o sit* s i o 2 icn^r, mitmm <s i,n 4 ) 

(ZrOj) €fflOTfc«fc^o Z rl*»5l 3 n mifiGilC*H\T£&WgU<D 
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